Survey of Instrumentation for Air Quality Surveillance by Bowling, John
University of Central Florida 
STARS 
Retrospective Theses and Dissertations 
Spring 1972 
Survey of Instrumentation for Air Quality Surveillance 
John Bowling 
University of Central Florida 
 Part of the Engineering Commons, and the Environmental Sciences Commons 
Find similar works at: https://stars.library.ucf.edu/rtd 
University of Central Florida Libraries http://library.ucf.edu 
This Masters Thesis (Open Access) is brought to you for free and open access by STARS. It has been accepted for 
inclusion in Retrospective Theses and Dissertations by an authorized administrator of STARS. For more information, 
please contact STARS@ucf.edu. 
STARS Citation 
Bowling, John, "Survey of Instrumentation for Air Quality Surveillance" (1972). Retrospective Theses and 
Dissertations. 5. 
https://stars.library.ucf.edu/rtd/5 
SURVEY OF INSTRutlli1~ATIO FOR 
AIR QUALITY SURVEILLANCE 
BY 
JOHN BOWLING 
A Research Report Presented in Partial Fulfillment 
of the Requirements for the Degree 
Master of Science in Environmental Systems 1anagement 
FLORIDA TECHNOLOGICAL UNIVERSITY 
May 1972 
iii 
ACKNOWLEDGE}fENT 
-- -
To Dr. Ernest E. Erickson for advice and assistance during the 
preparation of this Research Report and for his services as chairman of 
the committee on final examination. 
To Dr. Benjamin W. Patz and Dr. Richard C. Rapson, Jr. for 
reviewing the report and serving on .the committee on final examination. 
To Joseph F. Carbone, General Dynamics, Electrodynamics 
Division, Orlando Operation, Longwood, Florida , for assistance in 
listing the sources for the instrumentation literature search. 
To Kenard Kasky, Department of Air and Water Pollution Control, 
Or l ando, Florida , fer p~ovidi~g ~ucb useful information relative Lo 
Air Quality Standards including methods of sampling and analysis. 
83~ 7 
I. 
II. 
III. 
IV . 
iv 
TABLE OF CONTENTS 
INTRODUCTION ........................ .................... 
Obj ective 
Why the Subject is Important 
SUMMARY .. .................. ~ ........................... . 
Air Pollutants 
Standards 
Instrumentation 
AIR POLLUTION . ....................... .. ............. .... . 
History 
Types 
Gaseous 
Viable Particles 
Standards 
Federal 
State of Florida 
INSTRUMENTATION . ............................... ......... . 
Reference Methods 
Reference Hethod for the Determination of Sulfur 
Dioxide in the Atmosphere (Paraosaniline Method) 
Reference Method for the Det ermination of Suspended 
Particulates in the Atmosphere (High Volume Sampler 
Method) 
Referenced Method for the Continuous Measurement of 
Carbon Monoxide in t he Atmosphere (Non-Dispersive 
Infrared Spectrometry) 
Reference Hethod for the Measurement of Photochemical 
Oxidant s correct ed for Interferences due to Nitrogen 
Oxides and Sulfur Dioxide 
Referenc e Hethod for Determination of Hydrocarbons 
Corr ected for Methane 
Refer ence Method for the Determination of titrogen 
Dioxide in the Atmosphere (24-Hour Sampling Method) 
Available Instrumentation 
Instrumentation for Other Pollutants 
Other Instrumentation 
1 
2 
4 
23 
!I 
v. REC0l'1l1ENDATI ON S . ................................ ...... . 
St_a,n_dards 
Instrumentation 
v 
53 
LIST OF REFERENCES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
vi 
LIST OF TABLES 
Table Page 
1. Continuous Air Monitoring Program - Yearly Summary 
1964 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
2. Particulate Analyses from Selected Urban Locations: 
Arithinetic Hean Values for 1974 Expressed as Micro-
grams per Cubic Meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
3. State of Florida and National Standards, Air Quality .. 17 
4. Air Quality Surveillance System ...................... . 19 
5. Performance Specifications 22 
6a. Sulfur Dioxide Instruments Cost Range $2,000-$5,000 ... 46 
6b. PhotochE!mical Oxidants Instruments Cos Ra nge $1,000-
$7,000 .............................................. 47 
6c. Carbon Monoxide Instruments Cost Range $2,500-$5 ,000. .. 47 
6d. Total Hydrocarbons Instruments Cost. Range $2,000-$5,0CO 48 
6e. Methane - Total Hydrocarbons Instruments Cost, Approxi-
mately $10,000 with Recorder.. ... ................... 48 
6f. Nitrogen Oxides Instruments Cost Range , $2 ,000-$5,000 . 49 
7. Other Pollutant Sampling and Analy~ical Methods . ...... 50 
vii 
LIST OF ILLUSTRATIONS 
Figure Page 
1 . Sulfur Dioxide Sampling Diagram . . .. .. ... . .. ... .•... . 25 
2 . Critica l Or if ice Flow Control . .. ......... .. ........ . 25 
3. Assembled Sampler and Shel ter . .......... ..... .... .. . 29 
4 . Orifice Calibration Uni t ........................ ... 29 
5 . Non- dispersive Infra r ed Analyzer .......... . ...... .. . 32 
6 . Carbon Monoxide Anal yzer Flow Diagram . . ..... . .. .... . 32 
7. De tee tor Ce ll .............. ., . .. .......... .... . . . ... . 36 
8 . Oz one Source .............. : . : . ..... . . ....... . ...... . 37 
9. Ozone Ca libration Air Supply, Source, and }~nifold 
~ y ~~ ern ~7 U ~ L • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • • • • • • • -
10. Typica l Flor..v Diagr am .. . ... . ........... . . .. .. . .. .... . 40 
11 . San1pling Train . . . . . . . ..... . ........... . ..... . ... ... . 43 
1 
I INTRODUCTION 
Objective 
The objective is to determine the availability and applica-
bility of instrumentation for monitoring pollutants in the air, by 
survey and analysis of existing equipment as it relates to the Sta t e of 
Florida and Federal Air Quality Standards. 
Why the Subject is Important 
There is overwhelming evidence that the magnitude of xis ling 
air pollution is harmful to human, animal and even plant life and is 
increasing at a rate which far exceeds their adaptive abiliti s . 
Therefore, co~troll ing the emission of air pollutants is of the utmost 
importance if we are to maintain or improve the quality of lif e. Be-
cause surveillance instrumentation· is a major early and necess ary link 
in the determination and control process for regulating air pollution 
emission, it fulfills a requirement of notable importance. 
==~=============================================-======~=== 
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II SUMHARY 
Air Pollutants 
Air pollutant s encompass two broad categories : 1) basic el -
ment s emitted from natural and man made sour ces, and 2) compounds re-
sulting from chemical reaction of t he element with air and with other 
pol l utant elements. There are three t ypes of knoW11 air pollutants : 
1) gaseous, 2) nonviable, and 3) viable, each encompassing a virtually 
limitless l ist . From the l a r ge list of pollutants known to b . present 
in contaminated air the invest i gator has been forced to select a limit-
ed number for analysis . 
Standards 
At pres~~t, approved standards (State of Florida and Yederal) 
exist f or only six major pollutants : 1) sul fur d ioxide, 2) particulate 
mat t er, 3) carbon monix ide, 4) photochemical oxidants, 5) hydJ7ocarbons, 
and 6) nitrogen diox ide. 
Instrumentation 
In each standard for ambient air quality the method o f measure-
ment is specified . Thi s method is knovm as the reference method . Equi 
val ent me thods may be used provided they are tested and yield results 
consis t ent wi th the reference method . The Federal Standards specify 
and define a reference method for each of the major pollutants for 
"t..rhich s t andards exist . 
~==~========================================================================~F==== 
------
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There is a large variety of air pollution analyzers av il ble 
cooonercially, but, only a few have been properly field-tested to de t er-
mine their limitations, reliability , and durability , and information 
relative to interference. 
I 
-- -· 
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III AIR POLLUTION 
History 
In the two billion or more years since the first anaer bic 
self reproducing units of matter came into being the air compo. ition 
has undergone large quantitative changes. In particular, the prim val 
gaseous environment probably contained almost no free oxygen; indeed 
all existing evidence indicates tha t the oxygen in more recent air has 
accumula ted as a result of photosynthes i s processes utilized b:r early 
non-oxygen-dependent species (1). The discharge and accumulation of 
oxygen was as much a form of atmospheric pol lution for those s pecies 
a s carbon monoxjde : nitrogen oxides: sulfur oxides and other chQm'caJ 
compounds are for current forms of dominant life . 
There is also evidence that substantial changes in carbon 
dioxide concentration have occurred dur i ng t he long ages of prehistory . 
The estimates of such changes ar e primar i ly based on analysis of fossil 
records of adaptive changes of plan t s and animals . 
Additionally, there is equally persuasive evidence that species 
and even dominant orders of plant s and animals , have been reduced to 
insignificance by environmental changes . The current magnitude of air 
pollution additives is suff i c i ently large in relation to the cir re-
source s to cause effective changes within a few years v7hile aC.aptive 
adjustment r equ i res several generationB . Controlling t e rat£ ~ of 
environment al change to coincide v7ith man's adaptive abj lity i s the 
number one cha llenr e i n air po~~~l)ll t n ·r. 1. ========.:=====#===::::~ 
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Blackene.d buildings and monument s have been cited as evidence 
that the smoke nuisance has been a reality for thousands of y ars . 
Accumulated knowledge of domestic heating practices and industrial pro-
cesses utilized during the first thirteen or fourteen centuries of the 
Christian era , leads to the inference that air pollution could not have 
been an important problem in the villages and to~vns of that time. 
During the earlier periods of history wood 111as the prime source 
of heat . The discovery of the use of coal as an energy source~ and its 
displacement of wood, occurred in Europe during the thirteenth century . 
In spite of its abundance and its apparent advantages , its use which 
culminated in the Industrial Revolution proceeded slowly against strong 
resistance . The smoke and gases (sulfurous combustion product s ) caused 
neighbot"hood nact:i.on committees" to protest agA-inst its evident pollu· 
tion of the atmosphere. Writers on air pollution have cited l egisla-
tion limiting and - prohibiting the use of coal dating back to 1273 . 
Gilpin ( 2) wrote : 
In 1273, the use of coal was prohibited in London as being 
prejudicial to health. In 1306, a Royal Proclamation prohibited 
artificers from using sea-coal in their furnaces; the execution 
of one offender is recorded. . .. In 1648, Londoners presented 
a petition to Parliament to prohibit the importation of coal 
from Newca.stle on account of the injury they experienced . . . . 
In 1906 the alkali, & c . '.Jorks Regulati_on Act provided for the 
registration and control of chemical processes likely to ro-
duce noxious effluents .... Following the disastrous London 
smog of December, 1952, the Beaver Connni ttee on Air Pollution 
'ivas set up. . . . In 1954, the Final Report was pub] ishcd. This 
Report provided the basis for the Clean Air Act of 1956 . 
There have been several major air pollution incidences ln the 
20th century which are discussed in many of t e air pollution publica-
tions, including : 
==~=======================================-==~--=-====~F==== 
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1) Meuse Va ll ey, Bel gium, 1930. From the first to the fif h 
of December, 19~0, a thermal i nversion confined the pollutants of Lh 
air in the Valley which is 15 mi les long with hills about 300 f ct 
high on e ither side . On the t hird day of this unusual \vea ther, a 
large number of people became ill with respiratory track compla'nts 
and before the week wa s over 60 had died ( ~. In addition, th ·re were 
deaths in cattle . A large numb er of industrial plants were located in 
the valley , including coke ovens, blas t f urnaces , steel mills, glass 
factories , zinc smelters and sulfuric acid plants. 
2) Donora , Pennsylvania , 1948. Donora which contain.:> a 
large steel mill, sul f uric acid plant, a large production plant and 
other industries is lo ca t ed on t he i nside of the horseshoe bend of the 
Monongahela River. This val l ey with a population of 40,000 at the 
time experienced a temperature invers i on f rom 25- 28 October, 1948. 
Forty-three percent of the popula tion became ill and 20 persons died 
( 3). Most of the illnesses occurred on the second day and most of the 
deaths on the third day. 
3) London, England, 1952 . From December 5 through December 
9, 1952 , the Br i t ish Isles w·ere covered by fog and t emperature inver-
sion. One of the ar eas most severely affected was London where a 
total excess of deaths over the average was between 3,500 and 4,000 
during t he period from December 6, 1952 through January 10, 1953 (2). 
The objective should be to control the rate of air pol lution 
changes to coincide with man ' s and ardn1als ' adaptive abilit; ·:hrougl 
monitoring and enforcement of emission regula tions . 
~~=================================~~===============================W==== 
" 
.. 
7 
Types 
Gaseous 
Carbon Honoxide.--Carbon monoxid e (CO) is produced primarily 
from incomplete or inefficient combustion of carbonaceous f uels . Oxy-
gen concentration, flame temperature, gas residence time, and combus-
tion chamber turbulence are important variables which affec t the exhaus 
concentrations of CO. 
An estimated 102 tons of CO were em~tted in the U. S. in 1968. 
This amounts to 50 percent by weight of all major air pollutart emis-
sions that year. The principal source of CO (58 percent) is fuel com-
bustion in mobile internal combust ion engines. Forest fires are second 
(17 pe.ccent); i 1dustrial processes are third (11 percent), and isposaJ II 
of solid waste is fourth (eight percent) (4) . 
Measured concentrations of CO for several large cities are 
shmvn in Table 1. 
Nitrogen Oxides.--Only two oxides of nitrogen , nitric oxide ( 0 
and nitrogen dioxide (N02) are known to be emitted to the atmosphere in 
significant quant ities . NO is formed during all atmospheric combust'on 
processes in a spontaneous chemical reaction between the nitr,)gen and 
oxygen in the air. 
Both NO and N02 are formed when combustion temperatures exceed 
2,000°F , but usually less than 0.5 percent is o2 . More 02 is formed 
when atmospheric oxygen (02) reac ts with NO (5). Due to tle dilute 
concentration of ~0 usually found in atmospheres , this reacllon pro-
ceeds very c:lmvly. However , during the initinl phases of xlnusl dilu-
I 
==9============================-~---====~=============*==== 
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t i on, the concentra t ion of NO is high a~d f orces t he reaction to pro-
ceed more rapidly until the exhaus t has been diluted t o on ppm (parts 
per . million ) or l ess . 
On a global basis, the total amount of NO generated by natural 
X 
sources exc eeds the amount f rom man-mad e t echnological sources . Natura 
processes keep ba ckground levels in nonurban areas l ow , on the order o[ 
f our ppb (parts per billion) N0 2 and two ppb NO . In urban areas where 
t he ·technological sources are usually located the concentrations are 
f r equently higher. Fuel combustion i s the major source of technologica 
NO air pollution. Chemica l processing is responsible for higP, but 
X 
- l ocalized, emiss i ons. 
Measured concentrat i ons of nitric oxide and nitrogen dioxide 
f ur several l arge ci~ies are she¥~ i n Table 1 . 
Sulfur O~id es.--Sulfur ox i des ar e produced by combustion and 
industria~ processes. Availabl e evidence from continuous measurement 
of acid aero sol a s well a s so2 in the atmo spher e ind i cates a predom · -
nance of so2 over so3 in the air. Over a one- month period in :hicago, 
during which t he so2 avera ged 0. 21 ppm, t he weight concentration ratio 
of ~02 to so3 was about 60 (1 ) . With corrections for differing samp-
l i ng e f fic i ency the rat i o i s es timated to be abou t 100 to one. 
For year l y summary concentrations of so2 in several large ci i 
for 1964 , see Table 1. 
Hydrocarbons . --Interest has developed in the gaseous rydrocar.-
bon conten t of polluted air because of tle close association between 
oxidizing components and the organic photochemical reacLions to 
9 
their presence. The chemical compos i tion of organic air contami na tion 
is complex and -any attempt to catalog the compounds ~vould result in 
very extensive list. This can be emphasized by noting some po ss ible 
reas:rs for fue presence of gas phas e organics i n the atmosphere . 
Bernard D. Tebbens (1), Air Pollut i on , Vol . 1 s econd ed it ' on , 
Page 34 states: 
Leakage or loss of any gas or liquid fu el , solvent , etc . 
would be a direct source of many organic s pec ies . Both in-
complete oxidation and cracking of fuels - in combustion pro-
cesses can lead to another group of cornpou~ds .... to thesa 
primary sources \17e need only add the knovm fact of photo-
chemistry in the atmosphere \vhich produces bo th unknown free 
radicals and also organic peroxides, per acids , hydroxyper ac ids 
and such nitrogen-containing compound s as per oxyacylnitrates. 
With this variety of sources it seems r easonable to estima t e 
that with refinement of observation, many hundreds of indivi--
dual organic chemicals could be isolated from pollut ed air. 
From the large list of chemicals kno\vn to be present in contami-
nated air the investigator has been forced to choose a l imited n mber of 
individual chemical compounds or undifferentiated combination of mixtur~ 
the concentrations of Hhich were thought to be r epresentative of t he 
extent of the contamination for analysis. Measurement made in select d 
cities are shown in Table 1. 
Nonviable 
Particulates.--The par ticul ates i n the air consist of parlicles 
r anging in size from small molecules to ordinary dust and sand . The 
shapes range from spheres to threadlike aggregates for med by coalesence 
of s olid particles . Each particle is d ifferent in shape , s ize and 
composi t ion and has an i ndividual hi story in the atmosphere , as to its 
10 
mode of origin, growth, interaction and decay . Particles of fumes, 
dust, soot, fibers and dr ople ts can be i dentified if a sample of air 
is subjected to examination. 
A condensation a ero sol is formed when supersaturated vapors ar 
condensed or when gases r eac t chemically to form a nonviable product. 
Dispersion aero sols wi t h liquid particles are called mist and disper-
sian aerosols with solid par ticles a r e called dust . 
In the concluding remarks on nonviable particles in t e air , 
Morton Corn ( 1) states: 
Atmospheric aerosol particles form a heterogeneous por.ula-
tion with r e spect to size, morpho l ogy , electrical properties, 
composition and concentration. The aerosol is in a dynamic 
state of change as a result of the physical and chemical pro-
perties of both the particle and the atmosphere . Our kno r-
ledge of the mechanics of aerosol s is now on a firm scientific 
base, but extensions of t his knowledge to describe the beha-
vior of aerosols in the a t mosphere , with i t s attendant complex 
fluid dynamic patterns, i s fragment ary. The theory of an 
" equilibrium size distribution" of the atmospheric aerosol is 
being evolved. 
Particulates in the atmospher e a l s o par ticipate in chemical 
reactions with the surrounding gases and with each other . It 
is apparent from the preliminary measurements made to dat<~ that 
there is segr egation of airborne particulates with respect to 
chemical compo s ition and size. Furthermore, the "chemical 
profile" of an air basin is hi .ghly individualistic , dependent 
on the input of aerosols from natural , industrial, domest ic , 
and mobile sources of pollution in the region. 
If our understanding of a t mospheric phenomena associate~ 
with airbor ne part i cles i s t o pr ogress , methods of assesffinent 
of nonviable particles in t he air must advance beyond the 
present r out ine methods used in air pollution studies . 
Concentra tions of suspended particulate matter from a~alysis 
of samples t aken i n At l anta , Chicago, Boston and Pittsburgh are sho 1n 
in Table 2. Each c i ty is characterized by a unique profile of sus-
i 
11 
pended particulates which results from the natur e of fuels, industry, 
agriculture and natural sources of pollution. 
Viable Part i cles 
The viable particles found in the air are primarily three broad 
types--pdlens, microorganisms and insects. 
Pollen grains are discharged into the atmosphere from ,.;eeds , 
grasses and trees. These grains and f~agments generally range between 
10 and 50 microns in size. One ragweed plant can release bill ions of 
pollen grains (16.5 to 20 microns in diameter) in a season. 
Microorganisms--algae, fungi, molds, yeasts, smuts , ru :· ts , 
spores and bacteria--are found in air, eith~r as individual organisms 
or attached to some other particle sub s tance, usually dust . Fr om 
Reference (1), pages 102-104, one can conclude that the number of speci II 
and concentrations of most microorganisms vary over a wide range with 
geographical loca tion and time of the year . . 
About 10,000 of the approximat ely 82,500 species of insects 
known to exist in the United States are injurious to man in on~ way or 
another (3) . Insects are carriers of . diseases of humans, plants and 
, 
animals, and are destructive to buildings , furniture, clothing and 
other possessions of man. On the other hand, many insects are indis-
pensable as pollenizers of plants; preditors and parasites of other 
insects ; and producers of foodstuffs, e.g ., bees . The number of insects 
in a given area is not only dependent upon such factors as the soil and 
the plants, but will vary from season to season, and from one minute to 
the next . 
Chicago 
Year Mean 
Ha.x . day 
Hax . 5 min. 
Cincinnat i 
Year mean 
Hax . day 
}lax . 5 min . 
Lo s Angeles 
Year mean 
b x . day 
riax . 5 min . 
Phila delphia 
Year mean 
Nax . day 
}fax . 5 min . 
San Francisco 
Year mean 
i•.tax . day 
~fax . 5 min . 
TABLE 1 
CONTINUOUS AIR MONITORING PROGRAH - YEARLY SUMMJill.:: )964a (1) 
Carbon 
Nonoxide 
12 
27 
60 
6 
17 
49 
11 
22 
so 
7 
21 
46 
5 
1 0 
40 
Hydro-
Carbons ... 
3 
6 
20 
3 
9 
20 
--
--
--
2 
6 
17 
3 
7 
16 
Sulfur 
Dioxide 
0. 18 
0.68 
1.62 
0.04 
0. 18 
0. 88 
0. 01 
0. 03 
0. 16 
0 . 08 
0 . 43 
1. 00 
0 .02 
~). 08 
0 .26 
Nitric 
Oxide 
0.10 
0.34 
0.97 
0.04 
0.30 
0.68 
0.08 
0. 45 
1.35 
0 . 04 
0 . 24 
1 . 35 
0 . 09 
0 .2 9 
0 . 85 
Nitrogen 
Oxide 
0.05 
0.15 
0. 79 
0.03 
0.10 
0.30 
0.06 
0. 26 
0 . 77 
0 . 04 
0.10 
0 . 37 
0 . 06 
0.18 
0 . 52 
Total · 
' Oxidantts 
0.03 
0.08 
0.15 
0.03 
0.08 
0.32 
0. 04 
0. 15 
0 . 51 
0 . 02 
0 . 09 
0 . 25 
0.02 
0 . 05 
0 . 22 
.. ,__, 
N 
~ 
St . Louis 
Year mean 
Hax . day 
Nax . 5 min . 
\.Jashington 
Year mean 
Hax . day 
Ivlax . 5 min . 
Ca rbon 
Monox ide 
6 
17 
45 
6 
13 
37 
aConcentration in PPM 
Hydro-
Carbons 
3 
7 
20 
3 
7 
17 
0Not corrected for so2 interference 
c Suspect nearby source 
TABLE I--CONTINUED 
Sulf ur 
Dioxi de 
0. 06 
0. :~6 
1. 16 
0. 5 
0. 22 
0. 73 
Nitric Nitrogen 
. Oxide ··~ · Oxid e 
0.04 
0.12 
0.8 !+ 
o .  03 
0.28 
0. 90 
0.03 
0.12 
0.31 
0.04 
0.10 
0.24 
Total 
Oxidants 
0.03 
0.07 
0.85c 
0.03 
0.08 
0.24 
so2 acts as a reducing agent and reverses the chemical reaction generally used as 
the sensing mechanism . 
1-' 
w 
- -r-· 
:! 
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TABLE 2 
PARTICULATE ANALYSES FROH SELECTED URBAN LOCATIONS : 
ARITHNETI C MEAN VALUES FOR 1974 EXPRESSED AS 
HICROGRAMS PER CUBIC HETER. 
Atlanta Chicago Boston Pittsburgh 
Suspended Particulates 97 176 144 174 
Benzene-Solubl e Organics 
Sulfates 4.8 19 . 2 18.1 17.5 
Nitrates 2.0 2.5 2.3 3.0 
Chlorium b 0.014 0.007 0. 02] 
Cadmium b Most samples below detectable 
quantity 
Iron b 1.6 0.9 · 2.8 
Lead b 0.9 0.9 0 . 9 
'"' ",, Hanganese b 0. 07 u.u.:> 0 . £:1 
Nickei b 0 .042 0.076 0 . 026 
Tin b 0.02 0.01 0.01 
Titanium b 0.02 0 . 02 0.05 
Zinc b 0.95 0.33 1.06 
a Source: National Air Sampling Network Data . 
b Not analyzed. 
ilif========~~= 
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Factors influencing the quantity and kinds of viable particl s 
in air includi ~;mperature, humid i t y , l ight, wind , rain , water supply , 
plants and soil. 
The control of viable particles i n t he atmosphere and t.heir 
infection of life quality encompa sse s a wide variety of t~clni ues to 
reduce the number of sources, interrupt t r ansmission of viable and 
infectious organisms, or reduce the number of susceptible persons . 
Standards 
Federal 
Air Quality.--The primary and secondary standards as published 
in the Federal Register, Vol. 36, 1 o. 158- Saturday, August 14, 1971 
(6), for six common classes of a i r pollution : sultur d1oxide , part1cu- ' 
late matter, carbon monoxide, photochemical ·ox i dants , hydrocarbons, and 
nitrogen dioxide are shovm in Table 3. 
Monitoring Sites and Measuremen t Methods . --The frequency and 
method of measurement, as well a s t he minimum number of air quality 
monitoring sites based on the regional popu}ation and classification 
are as defined in reference ( 6), which includes : 
420.17 Air Quality Surveillance . 
(a ) (1) The plan shall provide for the establishment of an 
air qual i t y surveillance system which shall be complet ed and 
in oper ation as expeditiously as practicable, but noL later 
than 2 year s af t er the date of the Administrator ' s approvaJ 
of the plan , and which shall meet , as a minimum, the follcw-
ing r equir ements : 
The r equirements are as shovm in Table 4. 
16 
State of Florida 
Ambient- Air Quality Standards .--
1) The following information pertaining to air pollution rul s , 
State of Florida, is taken from reference (7). 
17-2.01 Ambient Air Quality Standards. 
(1) The air quality of the State ' s atmosphere is determined by 
the presence of specific pollutants in certain concentrati ns. 
Human health and welfare areaffected and known or anticipa~ ed 
adverse results are produced by the presence of pollutants in 
excess of the certain concentrations. It is, therefore , estab-
lished that maximum limiting levels, Amb;Lent Air Quality Stan-
dards are established for Florida: 
These standards are as shmvn in Table 3 . 
2) Exceptions--in Dade, Broward, and Palm Beach County . In 
these counties the above standards apply except as provided d.fferently 
below: 
Pollutant 
Sulfur 
Dioxide 
Suspended 
Particulates 
Carbon 
Monoxide 
3) 
Concentration (micrograms per cubic meter) 
(1) Annual arithmetic mean 
(2) Maximum - 24 hour 
(3) Maximum - 4 hour 
(4) Maximum - 1 hour 
(1) Annual Geometric mean 
(2) Maximum - 24 hour 
(1) Maximum - 3 hour 
(2) Maximum - 1 hour 
8.6 
28.6 
57.2 
286 .0 
50 .0 
180.0 
9,000.0 
14, ooo·. o 
Sampling and analyses of contaminants in this section shall 
be performed by the methods approved by the Board . 
I 
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POLLUTANT 
Sul f ur 
Diox i de 
Particulate 
Hatter 
Carbon 
Nonoxide 
TABLE 3 
STATE OF FLORIDA AND NAT~O~AJ. ST~~~DS, AI~,. QU#,ITY 
l~1BIENT AIR QUALITY STANDARDS 
STATE ·oF FLORIDA AND SECONDARY 
NATIONAL AIR QUALITY STANDARDS 
-· 
l . 60 mi3rograms per cubic meter 
(p g/m ) annual arithmetic mean. 
2. 260 )l g/m3 maximum 24-hour conce.n..., 
tration, not to be exceeded more 
t han once per year. 
3. 1300 )lg /m3 maximum 3- hour concen-
trat i on , not to be exceeded more 
t han once per year. 
3 l . 60 )lg/m - annual geometr i c 
2. 150 )lg/m3 - maximum 24-hour 
t ration, not to be exceeded 
than once per year. 
mean . 
ccncen-
mc:re 
l. 10 mi1ligrams per cubic meter 
(mg/m ) - maximum 8- hour concen-
tration, not to be exceeded mere 
than once pe~ year . 
3 2 . 40 mg/m - maximum one hour c0n-
centration, not to be exceedec 
more than once per year . 
PRIMARY NATIONAL AIR 
QUALIT~ STANDARD 
l. 80 )lg/m3 annual arithme tic mean. 
2. 365 .)lg /m3 - Maximum 24-hour con-
centration, not to be exceeded 
more than once per year . 
l. 75 )lg / m3 - annual g~ometric mean. -
2. 26 0 )lg / m3 - maximum 24- hour con-
cent~ation, not to be exceeded more 
than onc e per year . 
l . 10 mg/m3 - maximum 8-hour concen-
tration, not to be exceeded more 
than once per year . 
2 . 40 mg/m3 - maximum one hour con-
centration , not to be exceeded 
more than once per year . 
....... 
-...,J 
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POLLUTANT 
Photochemical 
Oxidants 
Hydroca r bons 
Nitrogen 
Diox i de 
I 
\ 
TABLE 3--CONTINUED 
AMBIENT AIR QUALITY STANDARDS 
STATE OF FLORIDA AND SECONDARY 
NATIONAL AIR QUALITY STANDARDS . . .. . . . 
1 . 160 ~ g/m3- max imum one hour cc n-
c ent ration, not to be exceeded 
more t han once per year. --measur -
ed and corrected for interf er ence 
due to ni trogen ox i des and sulfur 
dioxide . 
1 . 160 ~g/m3 - maximum t hr ee- hou _ 
conc entration ( 6 to 9 a .m.) not 
to be exceeded more than once per 
ye~r . -~For use as a ·guide in de-
vising implementation plans t o 
achieve oxidant standards . To be 
mea sured and corrected for methone . 
1. 100 ]J g /m3 - annua l arithmetic 
mean . 
PRIMARY NATIONAL AIR 
QUALITY STANDARD 
. . 3 
1 . 160 ~ g/m - maximum one hour con-
centra tion, not to be exceeded 
more than once per year . 
1. 160 ~ g/m3 - max i mum thr ee- hour 
concentration ( 6 t o 9 a .m. ) not 
to be exceeded mo r e t han once 
per year . 
1. 100 ~g/m3 - annual ar ithmet i c 
mean . 
t 
~ 
co 
TABLE 4 
AIR QUALITY SURVEILLANCE .SYSTEM 
Classi-
fication 
of 
Region 
Pollutant 
I 
r 
f 
Measurem9nt 
Method 
I . 
I 10 I Suspended I High Volume 
Particulates l sampler 
I 
I 
' i 
I l Tape ~ampler 
Sulfur Dioxide i Pararosanilin~ 
1 or equivalent 
Carbon 
Honoxide I Nondispersive Inf5ared or 
eq. 
I 
Minimum 
Frequenq 
of Sampling 
1 One 24-hour 
sample every 
6 days 
qne sample 
every 2 
hours 
One 24-hour 
sample every 
6 days 
(Gas Bubblert 
Continuous 
Continuous 
Photochemical 
Oxidants 
I Gas Phase j Continuous I Chemilumines 6 
: cence or eq . ' I 
Regio10 
Population 
(100' 000) 
<1. 
1-10 
>10-SO 
>SO 
<1 
1- 10 
>10-SO 
>SO 
-<1. 
1-SO 
>SO 
<1 
1-SO 
>SO 
.q_ 
1-SO 
>50 
Minimum Number of 7 Air Quality Monitoring S{tes 
(1) = 100,000 I 
4 . 3 
4. + 0.6 per (1) population 3 7.S + 0.2S per (1) population3 12. + 0.16 per (1) population 
3 1. per 2SO,OOO pop. up to 8 
sites 
3. 3 
2.S + O.S per (1) population3 6. + O.lS per (1) population 3 11. + O.OS per (1) population 
1 . 3 
1. + O.lS per (1) population3 6 . + O. OS per (1) population 
1 . 3 
1. + O.lS per (1) population3 6 . + O.OS per (1) population 
1. 3 
1. + O.lS per (1) population3 6. + O.OS per (1) population 
I-' 
\0 
II 
I 
II 
\I 
Cl assi-
fica tion: 
of ' 
Reg ion 
IIlO 
I II8 
Pollu tant I 
Nitrogen 
Dioxide 
Suspended 
Particulat e s 
Sulfur 
Dioxide 
! sus pended 
Part iculates 
I 
Sulfur 
Dioxide 
I 
I 
TABLE LJ --·CONTINUED 
Measurement 
Net hod 
Minimum 
Frequency 
of Sampling 
. . ' · .. . . . 
! 
24-hour l l-24 hr sample 
sampling method ! ever y 14 days 2 (Jacobs- Hoch- (Ga s Bubbler ) 
he i s er Method) 1 
Hi gh Volume 1-24 hr sarep tel 
sampler every 6 days 
Tape 11 s ample every ! 
Sampl er 2 hours 
. ' 
Pararosani- 4 1- 24 hr sall'ple l line or eq . every 6 days 1 (Gas Bubbler) 
1 Cont inuous 
I 
High Volume : 1-24 hr sarrp±e l 
s ampler 1 every 6 days 
Pararosani- 4 line or eq. 
1- 24 hr samp:te l 
every 6 days 
1 (Gas Bubbl er ) 
·: 
Region 
Population 
(100' 000) 
<1. 
1-10 
>10 
--
--
--
- -
--
--
I 
I 
Minimum Numb er of . 7 Air Quality J:fonito r ing Sites 
{1) = 100 _, 000 
3. 3 
4. + 0.60 per (1) popula tion 
10. 
3. 
1 . 
I 3. 
1 1 . 
I 
1 1 . 
I 
,1. 
II N 0 
Notes to Table 4. 
1Equivalent to 61 random samples per year. 
2Equivalent to 26 random samples per year. 
21 
3Total population of a region. \~1en required number of samples include 
a fraction, round-off to nearest whole number. 
4Equivalent methods are: (a) Gas chromat ographic Separation-Flame 
Photometric Detection (provided Teflon is used throughout the instru-
ment system in parts exposed to the air stream), (b) Flame Photo-
metric Detection (provided interfering sulfur compounds present in 
sufficient quantities are removed), (c) Coulometric Detection (pro-
vided oxodizing and r educing interferences such as 03 , N0 2 and H2s are 
removed), and (d) the Automated Pararosaniline Proceaure . 
5Equivalent method is Gas / Chromatographic Separation - Catalytic 
Conversion-Flame Ionization Detectio.n. 
6~ . 1 · · ' ' ( ) P . ..... j ' " C 1 . . D ' r..quJ.va ent: me-cnoa.s arE>.: a o tass~um .LOO.lae .o or1me .... i:1 ..,tec.tJ.on 
(provided a correction is made for SO and N0 2), (b) UV Photometric Detection of Ozone (provided compensation is made for interfering 
substances), and (c) Chemiluminesence Methods dif fering from the 
reference method. · 
7
rn Interstate regions, the number of sites r equired should be prorated 
to each state on a population basis. 
8
rt is assumed that the Federal Hotor vehicle emission standards will 
achieve and maintain the national standards for carbon monoxjde, 
Nitrogen dioxide, and photochemical oxidants: Therefore, no monitor-
ing sites are required for these pollutants. 
9All reference mea surement methods except the tape sampler method are 
described in t he national primary and secondary ambient air ~uality 
standards published in the Federal Register on April 30, 1971 (36 F .R. 
8186). Other methods together with those specified under footnotes 
(4), (5) and (6) will be considered equivalent if they meet the 
specifications shm·m in TAble 5. 
10
c1assificat ion of the regions, based on specific pollutant levels 
are defined in Reference 6; Page 15 , 488. 
==~===================================================-======~=== 
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TABLE 5 
PERFOID1ANCE SPECIFICATIONS 
--------------------------------------------------------------------------------------------------------------------------
Specifica t i on 
Range 
Nin . Detectable 
sensitivity 
Ris e t i me 90 percent 
Fall t i me 90 percent 
Zero drift 
Spa n drift 
Prec is ion 
Operat ion period 
Noise 
Inter ference 
. Equivalent 
i 
I Operating Tempera-
ture fluctua t ion 
Linearity 
Sulfur Dioxide 
3 0- 2, 620 )Jg / m 
(0- 1 PPH) 
3 26 )Jg/m (0.01 PPH~ 
S mi nutes 
S minutes 
±1% per day & 
±2% per 3 days 
II 
±2% 
3 days 
±O.S% (full scale) 
3 26 )J g/m (0 . 01 PPM) 
±S°C 
2% (f ull scale) 
Pollutant 
Carbon Monoxide 
3 0-S8 mg / m (0- SO PPM) 
3 0.6 mg /m (O. S PPM) 
S minut es 
S minutes 
±1% per day & 
±3% per 3 days 
" 
±4% 
3 days 
±0 . 5% (full scale) 
3 1 . 1 mg/m (1 PPM) 
±S°C 
2% (full scale) 
Photochemica l Oxidants 
. (Corrected f or N02 and so 2) 
3 0-880 )J g/m (0-0 .S PPM) 
3 20 )Jg}m (0 . 01 PPM) 
S minu t es 
S minu t es 
±1% per ~ay & 
±3% per 3 days 
II 
±4% 
3 days 
±0 . 5% (full scale) 
3 20 )J g/m (0.01 PPM) 
±5°C 
2% (full scale) 
N 
N 
·: 
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IV I NSTRUMENTATION 
Reference Methods 
In standards f or a ir quality the me thod of meas ur ement mus L be 
specified. The method sp ecified i s then known as the reference me thod . 
Ref erence methods and s ampl e-averaging times spec i fi ed f or national 
air quality standards are shown in Table 4 . 
In addition to the s pecified ref er enc e methods , other , equiva-
lent methods may be used. An equivalent method is def in ed as one t1at 
yields results consistent with t he r eference method . 
Instrument ation fo r the r eference methods for the s i x major 
pollutants, 1) sult ur d i oxide , 2) suspended par~icula L eH , J J LdLLoa 
monoxide, 4) photochemical ox idant s, 5) hydrocarbons, and 6) nit r ogen 
dioxide are discussed in the followi ng para.graphs . 
Reference Me thod f or the De t er mina t ion of Sulfur 
Dioxide in the At mosphere (Par aosani line Method) 
Principl e and Applicab ility. ~-sulfur diox ide i s absor bed f r om 
air in a solu tion of potassium tetrachlor omer cur ate (TCM). A dichloro-
sulf itomercurate comp l ex > -.;·1hich r esist ox idation by the oxyge:-1 in the 
a i r, is fo rmed . Once f ormed , this complex i s stable t o stronz oxidants 
(e . g ., ozone and oxides of nitro gen). The complex i s react ed ~ith 
pa r arosaniline and forma ldehyde to f orm i n t ensely co lored par arosanj-
line methyl sulfonic ac id . The absorbance of Lhe solution i s measur ed 
spectrophotome Lr ical l y . 
• • • 0 
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This me thod is appl i cable to the measurement of sulfur dioxide 
in ambient air using sampling periods up to 24 hours 'tvhich is both 
. ~ . -
State and Federal r equirement . 
Range and Sensitivity . --Concentrations of sulfur dioxide in th 
3 
range of 25 to 1,050 ~g /m (0 . 01-0 . 40 PPM) can be measured under the 
conditions given. 3 For conc entrations below 25 ~g/m use of large sampl 
volume of a ir. Higher concentrations can be analyzed by using smaller 
gas samples, a larger collection volume , or a suitable aliquot of the 
collected sample . Precision , accuracy and stability requirements are 
shown in Table 5. 
Sampling Apparat us. --
o Absorbers normally used in air pollution sampling are acceptabl 
for concentrat ions above 25 ~g/m3 (0 . 01 'PPM) . An all-glass 
midget i~pinger as shown in Figur e 1 is recommended for 30-60 
minute samples. 
o For 24 hours s ampl ing , assemble an absorber from the following 
pa r t s: 1) Po lypropyl ene 2- port tube closures. 2) Glass im-
pingers, 6 mm t ub ing , 6 inches long, one end drawn to small 
diameter s uch that No . 79 jewelers will pass through, but o . 
78 j ewelers will not and the other end is fire polished . 3) 
Po l ypropylene tubes, 164 by 32 mm. 
o Pump capable of maintaining an air pressure different~al grea -
er t han 0 .7 atmosphere at the desired flow rate. 
o Air Flowmeter or Critical Orifice - A calibra ed ro cneter or 
critical orifice capable of measurJ g nir (low with " ± 2% . A 
~-~=============================================-=~====~== 
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·. 
r-fl- hypodermic 
, I I! needle )=lEL ~[ ~~; ~·.e=-. 
me~rane septum 
to 
f ilter 
25 
to air 
pump 
Fig. 2 . --Critical Origice 7low 
Control 
Fig . 1 . --Sulf ur Dioxid e Sampling Diagram 
~~=======================================================*==== 
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hypodermic needle protected by a membrane filter, as shofu in 
Figure 2, may be used as a critical orifice. The paran1 rs of 
the needle for various sampling periods are : 
Sampling Needle Needle Flow Rate 
Time (hrs) gauge Length (in) lit ers/min 
0.5 22 l 1 .0 
1.0 23 5/8 0.5 
24.0 27 3/8 0.2 
Analysis Equipment.--
o Spectrophotometer - suitable for measurement of absorbance at 
548 rnm with an effective spectral bandwidth of less tl an 15 mm . 
Reagent blank problems may occu·r with spectrophotomet ·r s having 
a greater spectral bandwidth . The wavelength calibration of 
the instrument should be verified . If transmi s sion i <: measured 
this can be converted to absorbance. 
Absorbance = log10 (1/transmissio~ 
Complete analyses are very complex and have been descr ibed in 
the Federal Register, Vol. 36, No. 84 - Friday , April 30, 1971 (8) and 
appendix references. 
Reference Method for the Determination of Suspended 
Particulates in the Atmosphere (High Volume Sampler Me thod) 
Principle and Applicability.--Air is drawn into a cover ed hous-
ing through a filter by means of ahigh-flow rate blower a t a rate of 
40 to 60 cubic feet per minute ·Hhich allows suspended part i cules having 
diameters of less than 100 ~m (Stokes equivalent diameter) t o pass -o 
the f ilter surface . Particles withi n the s ize r ange of 0.1 to 100 ~m 
diameter are ordina rily coll ctcd on jass fiber filters . Tb• mass 
II 
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concentration of suspended particulates in t he ambient air (pg/m3) is 
computed by measuring the mas s of collected particulates and the volume 
of · air sampled. 
This method is applicable to measurement of the concentration 
of suspended particulates i n t he ambient air . In addition the siz of 
the sample is usually adequa te for other anal yses . 
Range and Sensitivit y.--W11en the s ampl er is operated at an 
average flow rate of 60 feet 3 /minute fo r 24 hours , an adequate sample 
will be obtained even in an atmosphere having suspended particulate 
. 3 
concentrations as low as 1 ~g /m . I f particulate levels are unusually 
high a satisfactory sample may be obtained in 6 to eight hours or less. 
However, for determination of average concentration , a standard samp-
ling period of 24 hours i s r ecommend ed. 
Weights _13:re determined to the neares t mi lligram , airflo-v1 rates 
are d · - h f 3 I · · th t eterm1ned to t e nearest one oot m1nu t e , t1mes to e neares 
two minutes and mass concentrations ar e r eport ed to the nearest micro-
gram per cubic meter. 
Inter{e r enc es.--Par ticulate mat t er that is oily , such as photo-
chemical smo g or wood smoke, may block the filter and cause a rapid 
drop in airflow at a nonuniform rate . ' Dense fog or high humidity can 
cause the filt er to become too we t and severely reduce the aj :::- floH . 
Glas s fib er f il t er s are comparatively insensitive . to humidity, but 
collected pa r ticulates can be hygroscopic . 
. i 
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Apparatus.--
o Sampler ~Il.d Shel t er - The sampler consist of three units: 
1) the fa ceplate and gasket , 2) the filter adapter assembly, 
and 3) the motor and blower unit all properly installed in a 
shelter. The sampl er i s mounted ver~ically in the shelter such 
that the glass-fiber filt er i s parallel to the ground. The 
shelter is provided wi th a roof to protect the filter from 
precipitation and debris. The sampler must be capable of 
passing environmental a i r through a 63 inch2 portion of an 
eight inch by t en i nch glas s-fiber filter at a rate of at least 
60 feet 3/ minute . The internal ar r angement and configuration 
of a suitable shelter with a gable r oof are shown in Figure 3 . 
o Rotameter - The ro tamei.:er i s marked in C!-rbli... acy unlLs, Ire-
quently 0 to 70, capable of be i ng calibrated . Other devices 
of compa r able accuracy may be used. 
6 Orifice Calibrat ion Unit - This unit consists of a me -al tube, 
6~ inches long , three inches wide with a static pressure tap 
t wo inches from one end. See Figure 4. The tube end nearest 
the pressure tap i s flanged t o about 4~ inches OD with a male 
thread the same siz e a s t he inlet of the sampler . A ~ingle 
metal plat e wi th a central orifice is held in place at the 
air inlet end with a female threaded ring . The other end of 
the tube i s f l anged to hold a loose female threaded coupling 
whi ch scre'tvs onto the inlet of the sampler. An 18 ho:_e meta l 
pla t e is positioned between the orifice and the sampJ~r to 
~~============================================-======~F==== 
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simulate t he resis t ance of a clean glass-fiber filter . An 
orif i ce _ ~~~ibration unit is shown in Figure 4 . 
o Differentia l Manome t er - A d ifferential manometer capable of 
measuring a t lea s t 40 em (16 inches ) of water . 
o Positive Di splacement Heter - The po s i tive displacement meter 
is calibra t ed i n cub i c meters or cub i c feet to be used as a 
primary standard. 
0 Baromet er - The barome t~r must be capable of measuring atmos-
pheric pressur e to the nearest mm . 
Analysis Equipment . - -
o Filter Condit i oning Environment - Bal ance room or desiccator 
ma intained at 15 to 35 degr ees C and less th..an 50% relAtive 
humid i t y . Desiccator must be large enough to handle 8 x 10 
inch filters. 
o Analytica l Balance - Equipped with a weighing chamber designed 
to handle 8 x 10 inch( filter s with a sensitivity of 0 .1 mg. 
o Light Source - Frequently a t abl e of the type used for viewing 
X- ray films. 
Reagents . --Filter Hedia - Glass- fiber filters having a collec-
t ion efficiency of 99% for par ticulates of 0 . 3 ~m diameter are suitable 
f or quantita tive measurements of suspended particulates altho·Jgh some 
other medium, such as paper may be desirable for some analyses. If 
more de t ail ed analysis is contemplated , care must be exercise) to use 
filters con t aining low background concentrations of the poll ants 
hrdnr:r investir:rAtP.d 
II 
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Procedur e .--Expose each filter to the l ight source nd inspect 
for pin holes, pa~~ ~cles and other imperfections . Use only fil ers 
that are free of imperfections. Equilibrate the f i lters in the fil er 
conditioning environment for 2L~ hours, we i gh to the near est milligram 
and record the weight and number on the filt er. 
Install a numb ered preweighed filter in the sampler rou gh side 
up. Run the sampler for about five minutes, connec t the rotame ter to 
the sampler and record the reading and starting time. Disconnect the 
rotameter from the sampler (rotameter should·nev er be connected to the 
sampler excepf when the flow is being measured). Sampl e for 2·'+ hour s 
and take a final rotameter reading . Record the f inal reading , ending 
time and date on the filter folder. Remove the filt er and fold it 
such tl1at Lile a.re.a with collected pc::.r t ict.!latcs are in con Lact , p l acP 
the filter in the folder and record on the fold er filter number , loca-
tion and other facts such as meterological ~onditions or nearby build-
ings that might affect the results. 
Equilibrate the exposed filter for 24 hour s in the filt er cond ' 
tioning environment, rev.reigh .and record weight to the nearest milligr am 
The filter may be saved for detailed chemical anal ysis . 
Referenced Method for the Continuous Measur ement of Carbon 
Monoxide in th e Atmosphere (Non-Dispersive Infrared Spectrome ry ) 
Principle and Applicability.--This method is based on the 
absorption of infrared r adia tion by carbon monoxide . A block diagram 
of a typica l analyzer is shown in Fi gur e 5. I:nergy f r om an infrar ed 
radiation sour ce is split into pa r allel beans and directed through 
reference and sample cells . Bo t h beams pass i nto matched ce~ l , t.acl 
I 
" 
- ,_ 
beam 
chopper 
/ //////// / / /// / /// / // / ///L L / // 
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Figure 5.--Non-dispersive Infrared Anal yzer 
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containing a selective detector and carbon monoxide . The CO in the 
cells absorb infrared at its character i stic frequencies only, therefor 
the detector is sensitive to thos e frequencies. With a non-absorbing 
gas in the reference cell, the signals from both detectors are alanc d 
electronically. The introduction of CO into the sample cell ab:~ rbs 
radiation which reduces the temperature and pressure in the detector 
cell and displac es the diaphram. This displacement is detected elec-
tronically and amplified to provide an ouput signal which is pr:Jpor-
tiona l to the concentration of CO. 
This method is applicable to the determination of carbo n mono-
xide in ambient air and the analysis of gases under pressure. 
Interferences .--Interferences vary bet~·leen instruments. The 
effect of co2 interference at normal concentrations is minimal. Hater 
vapor, with no correction, may give an interference equivalent to as 
high as 12 mg.C0/1? . This can be minimized .by, a) passing the air 
sample through silica gel or similar drying agents, b) maintaining con-
stant humidity in the sample and calibration gases, or c) usin~ narrow-
band optical filters. 
Precis ion, Accuracy and Stability . ~See performance specifica-
tions, Table 5. 
Apparatus .--
o Carbon ~fonoxide Analyzer - Commercially available . 
o Sample Introduction System - Pump, flo 1 control valve and flo 1-
meter. 
34 
o Filter (In- line ) - A f i lter with a paro sity of two to t en 
microns - to keep large particles f r om t he sample cell . 
o Hoisture Control - Refrigeration units are available 'tvith some 
commerc ial instruments fo r maintaini ng cons tant humidit y. Dry-
ing t ubes, 72- hour capacity , containing indica ting sil ica gel 
can be used. Other techniques that prevent the interference 
of moisture are satisfactory. 
Reagent s .--
o Zero Ga s - Ni trogen or helium cont aining l es s than 0.1 mg . CO/~. 
o Calibra tion Ga s es - Calibration .gases corresponding t o 10, 20, 
40 and 80 percen t of full scale transmission are used. The CO 
content must be. cer t ified or guarant eed. 
o Span Gas - The calibration gas corresponding to 80 per cent of 
full scale is u sed t o span t he instrument. 
Procedure . --Calibrat i on - Calibra te the instrument as described 
below. All gases ( sample , zero , cal i bration and span) must be intro-
duced into the entire analyzer system . A typical flow diagr am fo r 
gases is s hown in Figure 6 . 
Prepar e a calibr a t i on cur ve by ad j u·s ting the ins trumen L f or 
zero and 80 percent char t r ead i ngs with zero gas and .s pan gas respec-
t ively . Iterat e this process unt il adjustments ar e no longer neces-
sary . Plot int er mediate points with ca librat i on gases to obtain a 
smooth curve. 
Concentr a t i ons o f CO are determined d ir~ctly fr.om the cali ra-
tion curve . ro ealcula tions a r c 1. ~cess. r y. 
Reference Method f or the Heasur ement of Photo-
chemical Oxidants cor r ected for Inter fe r enc es 
Due to Nitrogen Ox i des and Sulf ur Dio . - i de 
35 
Principl e and Applicability.-- Ambient air and ethylene arc de-
livered simultaneously t o a mixing zone \vher c the ozone in he air 
reacts with the ethylene t o emit ligh t whi ch . is detected by a photo-
multiplier tub e . The r esul ting photo-current i s amplified and is 
either read directly or displayed on a r eco rder . The method is appli-
cable to the continuous measurement of ozone in ambient air . 
Precision, Accuaracy and Stability .--See performance specifica-
tions, Table 5. 
Apparatus.--
0 Detector Cell - Fi gure 7 is a drawi ng o£ a typical detector 
cell showing flow paths of gases, the mi xing zone , and place-
ment of "the pho t omult iplier tube . It i s i mportant that the 
ozone and ethyl ene streams mee t a t a po int near the p otomulti-
plier tube. 
o Air Flowme t er - a device capable of controlling air flo\.JS be-
t ween ·o-1. 5 lit ers / minute . 
o Ethylene Flolvmeter - a dev i ce capable of controlling ethylene 
flo "YJS 0-5 0 ml/minute. 
o Ai r Inlet Filter - a t ef l on filter capable of removing all 
particles gr ea t er t han five microns in diameter . 
o Pho tomul t- iplier tube - a h ' gh gain Jow dark curr.en photomuJti-
plier t ube with maximum gain at abo , t 430 rom . 
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Figure 7. - -Detector Cell 
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Figure 8 
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o Direct Current Amplifier - capable of full scale amplifi ation 
-10 - 7 
of currents from 10 to 10 amperes; an electromet r is 
commonly used. 
o Recorder - capable of full scale display of voltages ranging 
from one millivolt to one volt. 
o Ozone Source and Dilution System - sho\vn schematically in Fig-
ures 8 and 9, consist of a quar tz tube into 'tvhich ozon -free air 
is introduced and irradiated with a mercury lamp. The level of 
irradiation and ozone concentration ~re controlled by an ad-
justable alumium sleeve which fits around the lamp . At mospheres 
are generated which contain constant concentrations of ozone 
by careful control of the air flow through the quartz ube at a 
fixed level of irradiation. 
Analysis.--The levels of ozone in the test atmospheres are 
determined by the neutral buffered potassium iodide method . 
Reference Method for Determination of 
Hydrocarbons Corrected for Methane 
Principle and Applicability .--Measured volumes of air are de-
livered semicontinuously (four to 12 times per hour) to a hydrogen flame 
ionization det ector to measure its total hydrocarbon (TCH) con t ent . An 
aliquot of the same air sample is introduc ed into a stripper column whic 
r emoves water , co
2
, hydrocarbons other than methane and CO. He thane 
and CO a re passed quantitatively to a gas chromatographic column \lhere 
they are s parated . The met~ane is eluted first, and is passed un-
changed through a catalytic reduction tube into the flame ioniza tion 
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detector. The CO is eluted into the ca talytic reduc t ion tube wher it 
is reduced to methane be f ore passing throu gh t he flame ionization 
de tector. The stripper is ba ckflushed between analysis . To determine 
hydrocarbon concentrations corrected for me t hane , subtract the methane 
value from fue total hydrocarbon value. 
Two modes of operation are po s sible : 1) a complete chromate-
graphic analysis showing the continuous output from the detector for 
each sample injection ; 2) the system is progr amed f or auton1atic zero 
and span to display selected bandwidths of the chromatogram . The peak 
height is then- used as the measure of the concentration . 
Range and Sensitivity . --Instrument s are avail able with various 
range combinations . For atmospheric ana l ys is the TCH range is 0-13.1 
3 1 
mg /m (0-20 PPM) carbon (as CH4) and t he me t hane range i s 0-6 . 55 mg/m-
(0-10 PPM). The sensitivity is proportional to the r ange. 
Interferences.--No interference in the methane measurement has 
been observed. The TCH measurement typically i ncludes all or a portion 
of 'vhat is generally classified as .the a ir peak interference . This 
effect is minimized by proper plumbi ng or i s negated electronically . 
Appartus.--
o Principal components are shown in Figure 10 , typjcal flow 
diagram. 
o TCH, CH
4 
and CO Ana l yzer - to meet or exceed specifjcations 
for this method . 
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o Sampl e Introduction Sys tem - pump , f l ow control valve automa ic 
swi tching valve and f lowmeter . 
0 Fi lter ( in-line) - A gl a ss f iber f i lter with porosi y of thrc 
to five microns i mmedia t el y downstream from the pump . 
0 Stripper or Precolumn - Located outside of the oven at ambient 
t emperature . 
. 0 Oven - For containing the anal ytical column and ca t al ytic 
conv er ter . 
Reagents. - -
0 Combus t ion Gas - Air contain i ng less than t wo ppm hydro~arbons 
a s methane. 
0 Fuel· - Hydrogen or a mixture of hydrogen and iner t gas contain-
ing less t han 0.1 ~PM hydrocarbons as methane . 
o Carrier Gas - Helium , nitrogen, a ir or hydrogen containing less 
than 0. 1 PPM hydrocarbons as me t hane·. 
0 Zero Gas - Air containing le s s t han 0. 1 ppm total hydrocarbons 
as methane. 
0 Cal ibration Gases - Gases corresponding to 10, 20, 40 and 80 
percent of full sca l e . 
0 Span Gas - Use the calibration ga s corres pond i ng t o 80 percent 
of full scale . 
Calibration .--Pr epare a calibration curve to be used fo r analy-
sis . Introduc e zero and span gas into t he s ystem and adjust fo r zero 
and 80 perc ent recor der r eading . Introduce in e cdiatc calj bca tion 
gases and plot t he values to obtain a smooth ~c~u=r=v=c==. ==========~========~===== 
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Calculations .--Total hydrocarbons (as CH4) and methane CH4 ar 
determined directly from the calibration curves . No calcu+ations ar 
-- -
necessary. 
Reference Method for the Determination of Nitrogen 
Dioxide in the Atmosphere (24-Hour Sampling Method) 
Pr inciple and Applicability.--Nitrogen dioxide (N02) is 
collected by bubling air thr ough a sodium hydroxide solution t) fo1~ 
a s table so l ution of sodium nitrite . The nitrite ion produced during 
s ampl ing is determined calorimetrically by reacting the exposei absorb-
i ng reagent wi th phosphoric acid, sulfanilamide, and N-1 napht bylethy-
lened i ami ne dihydrochloride. The method is applicable to collection 
of 24-hour s amples i n the field and subsequent analysis in the lab-
oratory . 
Range and Sensitivity. --The range of the analysis is 0.04 to 
1 . 5 mg N02/ ml . With 50 ml absorbing r eagent and a sampling rate of 
200 ml / minute for 24 hours, the range of this method is 20 to 740 
mg/ m3 (0.01 to 0 . 4 PPM) nitrogen dioxides . 
A concentration of 0.04 mg N0 2/ml produces an absorbance of 
0. 02 using one-em cells. 
Interference .--The interference of so2 is eliminated by con-
verting it to sulfuric acid with hydrogen peroxide before ana l ys i s . 
Apparatus , Sampling .--See Figure 11. 
o Absorber - Polypropylene tubes 164 x 32 rOM, equ 'pped 11lith 
polypropyl ne t\·70-f,O rt closur. cs. • gl ass disper. s i on tube w :h 
·-· 
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f 
Fig. 11.--Sampling Train 
----·---
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a f r i t t ed end of porosity B (70-100 nun maximum pore diamet r) 
is used f or s t oppers . 
o Probe - Teflon , polypropylene, or glass tub e with a polypropy-
l ene or glass funnel at the end and a membrane filter to pro-
tect the fr it . 
o Flow Contr ol Device - Hypodermic needle, calibrated to maintain 
a f low of 0.2 liter/minute protected by a membrane fil t er . 
o Air Pump - capable of maintaining a flow of 0.2 liter/minute 
through the absorber, and a vacuum of 0.7 atmosphere. 
o Calibration Equipment - Glass flowmeter for measuring .1ir fJ ow 
up to 275 ml/minutes, within ± two percent. 
Ana l ysis , Equipment.--
o Spec t ropho tometer or colorimeter capable of measuring absor-
bence at 540 mm . 
o Gradua t e:l cylinder , 1, 000 ml ; test tube; an assortment of pipets 
and volumetric f l asks . 
Reagents , Calibration and Sampling Procedures and Analysis . --
For de tails on reagents , calibration and sampling procedures and 
ana lysis, see Reference 8, page 8201. 
Available Instrumentation 
Instrumentation fo r measuring air pollutants for which stan-
dar ds have been established are available from a large number of manu-
facturers . 
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Hanufactu r ers tog e ther 'vith the de t ection method for ix major 
pollutants are sho~ _in Table s 6a-6f. This list , a l though not exhaus-
tive, illus trates t hat there is a large variety of equipment avail blc 
fo r a i r qua l ity surveillance . 
The exact s t a tus of collabora tive testing of these inslrumen s 
to evaluate t heir equiva l ency to the r e fer enc e method is quite vague . 
As of August, 1971, none of the instrument s had been tested for equiva-
lency, however , t he Env ironment~l Protection Agency and representatives 
of e i ght major professiona l societie s were working together on plans to 
conduct the co l l abor at i ve tests ( 9 ) . 
Instrumentation f or Other Pollutants (9) 
Mar y o ther pollutant s are be i ng s t udi ed to determine measure-
mentmd control need. These pol lutants as well as sampl i ng and analyti-
cal methods, if availabl e , ar e shown in Table 7 . Two important facts 
about these pollutants whi ch shoul d be noted with emphasis are : 
Ha zardous Pollutants 
o Currently i dent if i ed hazardous pollutants included in Table 7 
are mercury , beryllium and asbe sto s . 
Sampl i ng and Analytical Hethods 
o Sampling methods for 33 . 3 percent of the pollutants have not 
been developed . 
o Analytica l me t hods for 26.6 percen t of t e pollutants have o 
been dev eloped. 
-
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.TABLE 6a 
SULFUR DIOXIDE I STRUMENTS 
COST RANGE $2,000-$5 ,000 
Detection Hethod 
Manufacturer 
Atlas Electric 
Devices Co. 
Barton Instr. S:orp. 
Beclanan Instr. Co. 
Bendix, Envir. Sci. Div. 
Calibrated Instr. Inc. 
Combustion Equip . Assoc. 
Davis Instr. Co . 
Devco Engineering 
Dynasciences 
Environmetrics, Inc. 
Erickson Instruments 
Horizon Ecology Co. 
Instrument Dev. Co. 
Intertech Corp. 
Kimoto 
Leeds & Northrup 
Meloy Labs 
Monitor Labs, Inc. 
Phillips Electronic Co. 
Pollution Monitors, Inc. 
Precision Scientific 
Process Analysis, Inc. 
Research Applianc e Co. 
Scient i fic Indus t ries 
Technicon Corp. 
Tracor, Inc. 
Hilkens-And erson Corp. 
Colori- Coulo- Flame 
metric metric Photo-
metric 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Electro-
Chemical 
X 
X 
X 
X 
X 
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Conducti-
metric 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
,I 
Manufacturer 
TABLE 6b 
PHOTOCHEMICAL OXIDANTS INSTRU}illNTS 
COST RANGE $1,000-$7,000 
Det ect ion Iethod 
Colori- Coulo- Chemi-
metric metric lumines- Absorp-
Atlas Electric Devices Co. 
Beckman Instrument Co. 
Bendix , Env. Sci. Div. 
Dasibi Corp. 
Mast Development Co. 
McMillan Electronics 
Monitor Labs, Inc. 
Ozone Research 
Raditron, Inc. 
REM , Inc. 
Spectrometr ies OL Fla., Inc . 
Technicon Corp. 
Triangle Instrument Co. 
X 
X 
X 
X 
X 
X 
X 
X 
TABLE 6c 
cence t ion 
X 
X 
X 
X 
X 
X 
CARBON MONOXIDE I NSTRUMENTS 
COST RANGE $2,500-$5,000 
Manufacturer 
Beckman Instrument Co. 
Bendix, Env. Sci. Div. 
Calibrated Instrument Co. 
Ecology Instrument Corp. 
Intertech Corp. 
Horgan Co. 
Mine Saf e t y AppJjance Co . 
Byron Instruments, Inc . 
Detection 1e t hod 
Nondispersive 
Infrared (ND I R) 
X 
X 
X 
X 
X 
X 
X 
Gas 
Chroma t ograph 
X 
X 
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TABLE 6d 
TOTAL HYDROCARBONS I NSTRUMENTS 
COST RANGE $2 ,000-$5 , 000 
Manufa cturer 
Beckman Instrument Co. 
Bendis, Env . Sci. Div. 
Davis Instrument Co. 
Delphi Industries 
Mine Safety Applicance Co. 
Power Design Inc . 
TABLE 6c 
Detection 1e thod 
All based on Flame 
Ionization Nethod 
METHANE - TOTAL HYDROCARBONS I NSTRilllENTS 
COST , APPROXIHATELY $10,000 WITH RECORDER 
Manufacturer 
Beckman Instrument Co. 
Byron Instruments, Inc. 
Hine Safety Appliance Co. 
Tracor, Inc. 
Union Carbid e 
Carle Instruments, Inc. 
De t ect i on Method 
Al l based on gas 
chromatographic 
s eparation and 
f l ame ionization 
detection 
48 
TABLE 6f 
NITROGEN OXIDES INSTRUMENTS 
COST RANGE, $2, 000-$5,000 
Detection Method 
Manufacturer Colori-
metric 
Atlas Electric Device s Co. X 
Beckman Instrument Co. 
Dynasciences 
Environmetrics I nc. 
Horizon Ecology Co. 
}fust Development, Inc. 
Nonitor Labs, Inc. 
Intertech Corp. 
Pollution Monitors, Inc. 
Precision Scientif ic 
Raditrun, Inc. 
Research Appliance Co. 
Scientific Industries 
Technicon Corp. 
Wilkens-Anderson Corp. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Coulo-
metric 
X 
X 
Electro-
Chemical 
X 
X 
X 
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TABLE 7 
OTHER POLLUTANT SAMPLING AND ANALYTICAL HETHODS 
Pollutant 
Mercury 
Beryl lium 
Asbe sto s 
Sampling Method 
Gas bubbler, Hg 
amal gamat i on 
Hi -vol 
Membrane filter 
sampl er 
Lea d Hi-vol 
Cadmium Hi-vol 
Arsenic Hi-vol 
Nickel . . Hi-vol 
Polynuclear Hi-vol 
organics 
Polychlorinated Not devel oped 
biphenyl 
Fluorine Coated-open 
t ubular column 
Odor Human odor panel 
Hydrogen Continuous auto-
matic analyzer 
and mechanized 
tape sampler 
Fine Impactor 
particulates 
Vanadium 
Manganese 
Hi-vol 
Hi-vol 
Analytical Method 
Flameless atomic ab-
sorption, uv absorp-
tion 
Emission spectroscop~ 
atomic absorption 
Electron microscopy 
Emission spectroscopy 
Atomis absorption, 
emission spectroscopy 
Color imetric·, neutron 
activation 
Atomic absorption, 
emission spectroscopy 
Chromatography and 
fluorescence analysis 
Not developed 
Specific ion electrode 
Olfact ion 
Flame photometric, 
coulometric , colori-
metric 
Gravimetric 
Emission spectroscopy 
Emission s pectroscopy 
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Hajor 
Improve-
ment 
Needed 
Yes 
No 
Ye s 
Yes 
No 
No 
No 
No 
Yes 
Yes 
0 
Yes 
Yes 
1 0 
. o 
Pollutant 
Chromium 
Selenium 
Chlorine 
Hydrogen 
Chloride 
Copper 
Zinc 
Boron 
Barium 
Tin 
Phosphorus 
Lithium 
Aeroallergens 
Reactive 
Organics 
Pesticides 
Radioactive 
Mat erials 
TABLE 7. - -CONTINUED 
Sampling Method 
Hi-vol 
Not develop ed 
Not developed 
Not develop ed 
Hi-vol 
Membrane filt er 
sampler 
Not developed 
Membrane fi l t er 
sampler 
Hi-vol 
Not developed 
Not developed 
~ ot developed 
Not developed 
Not developed 
Hi-vol 
Analytical 1-1ethod 
Emission spectroscopy 
Not developed 
Not developed 
Not developed 
Emission spectroscopy 
a tomic absorption 
Emission spectroscopy 
atomic absorption 
Not developed 
Emission spectroscopy 
Emission s pectroscopy 
Not developed 
No t developed 
Not developed 
Chromatography 
Chromatpgraphy 
Gross beta and gamma 
scanning 
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Najor 
Improve-
ment 
Ne ded 
No 
y s 
Yes 
Yes 
No 
y s 
No 
No 
Y~s 
Yes 
Yes 
Yes 
Yes 
Yes 
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o Available sampling me thods and ava ilable ana l ytical methods for 
23.3 percent -of the pol l utants need ma j or i mprovements . 
Other Ins trumentation 
Although not listed in the cat egory of pol l u tion monitoring 
equipment, there is a large var iety of i nstrument f or weath r and hydro-
logical measurements and data coll ec t ion. Thes e data provide x trcmely 
valuable information, especially in the area of for est f i re cortrol 
which is a major sour ce of air pollution . 
Additionally, there are many instrument s f or measuring dust 
fumes, combustible and tox ic gases such a s t hose present in mines and 
certain industrial and manufa cturing opera tions . Hany of t hes _ instru-
provid e a method fo r quick r~fpr~pr rh _rh:: fn 
gas pipe leaks, combustion exhausts, and gas. and fume emi ss i ons present 
in mines, buildings and other enclos ed areas . 
53 
V RECOHMENDATIONS 
Standards 
At present approved sta ndard s exist f or only six m· jor air 
pollutants. Approximat e ly thirty ar e bei ng studied to deter mi ne con-
trol needs. 
It is recommended that the s tudies now underway be exp ed ited 
and standards established as soon as po ss ible . The exist i ng and new 
standards should be enf orced to maintain or improve life quali·y . 
Additionally, the studies should be expanded in the area of atrno spheric 
reaction bet,veen viabl e , nonviable and gaseous pollutants, to lle termine 
added requirement for surveillanc e and control. 
Instrumentation 
Immediate action should be taken to expedite testing of the 
many available instruments to determine thei r equivalency to t he r efer-
ence methods. 
A systems approach should be t aken for air qualily sur veillanc 
It should include solid-s tat e sensin~ data rormatting , transmission and 
central proce ssing equipment . The sensing and forma tting is accomplish 
ed at each site , the da t a i s transmitted to a central. processor which if 
designed and programmed t o analyze and dis s emina te the i nformation for 
control action . Th e solid- state sens ing "tt.rou l d el imina t e many of t he 
curr ent problems ~.Ji th \ve t-chemical ana l ys i s . Additionall y, the design 
and dev el opment of new ·n trumentation should be expanded to nco pat·s 
monitoring o f l ess abundant and .,.,ly r ~r.opnized air poJl nn.s . 
·-
ti 
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